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The most recent data on the weighted transverse single spin asymmetry 
^siii(0h-0s) j^^^ HERMES and COMPASS collaborations are analysed within 
LO parton model; all transverse motions are taken into account. Extraction of the 
Sivers function for u and d quarks is performed. Based on the extracted Sivers 
functions, predictions for A^^j!'*'' "^^^ asymmetries at JLab are given; suggestions 
for further measurements at COMPASS, with a transversely polarized hydrogen 
target and selecting favourable kinematical ranges, are discussed. Predictions are 
also presented for Single Spin Asymmetries (SSA) in Drell-Yan processes at RHIC 
and GSI. 



1. Introduction 

In recent papers^ we have discussed ttie role of intrinsic motions in inclu- 
sive and Semi-Inclusive Deep Inelastic Scattering (SIDIS) processes, both 
in unpolarized and polarized (,p ihX reactions. The LO QCD parton 
model computations have been compared with data on Cahn effect'^; this al- 
lows an estimate of the average values of the transverse momenta of quarks 
inside a proton, k±, and of final hadrons inside the fragmenting quark jet, 
p^, with the best fit results: (fci) = 0.25 {GeY/c)^, {p\) = 0.20 (GeV/c)^. 
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More detail, both about the kinematical configurations and conven- 
tions * and the fitting procedure can be found in Ref. [1]. 

Equipped with such estimates, we have studied^ the transverse single 
spin asymmetries ^4^^^''*""''*^^ observed by HERMES collaboration^ and 
COMPASS collaboration^; that allowed extraction of the Sivers function^ 

A%/^, {x, k^) = -^ f^^{x, k^) , (1) 
Trip 

defined by 

/g/pT {x, k±) = fg/p{x, k±) + i A^/g/pT {x, k±) S-{Pxk±) , (2) 

where fg/p(x, k±) is the unpolarizcd x and kj_ dependent parton distribu- 
tion {k± = |fe_L|); mp, P and S are respectively the proton mass, momen- 
tum and transverse polarization vector (P and fej, denote unit vectors). 

We consider here these whole new sets of HERMES^ and COMPASS'^ 
data and perform a novel fit^ of the Sivers functions. It turns out that the 
data well constrain the parameters, thus offering the first direct significant 
estimate of the Sivers functions - for u and d quarks - active in SIDIS 
processes. The sea quark contributions arc found to be negligible, at least 
in the kinematical region of the available data. Finally, we exploit the 
QCD prediction* /it (2^' ^-l)Id-y = — /it (a;, A:_l)|dis and compute a single 
spin asymmetry, which can only originate from the Sivers mechanism^'^ , for 
DrcU-Yan processes at RHIC and GSI. The issue of QCD factorization of 
SIDIS and Drell-Yan processes was studied in Ref. [9]. 



2. Extracting the Sivers functions 

Following Ref.[l], the inclusive [Ip (.X) unpolarized DIS cross section 
in non coUinear LO parton model is given by 



dxg dQ"^ 



J2 J ^'^^ /?(^>^±) JiXn,Q^k^) , (3) 



g 

and the semi-inclusive one {ip ^ ihX) by 



dxB dQ^ dzh d^Pr 



d^k^ fq{x,k^) J - D'^{z,p^) , (4) 



9 

where 

xls-^ X \ ^ x-^ Q-^ ) ' dQ2 - ^1 p Q4 ■ 
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Q^, Xb and y = Q^/{xbs) arc the usual leptonic DIS variables and 
ZfnPr the usual hadronic SIDIS ones, in the 7*-p cm. frame; x and z 
are light-cone momentum fractions, with (see Ref. [1] for exact relationships 
and further detail): x = Xb + O (g^)) z = Zh + O (^)j P± = Pt — 
Zhk± + . 

The sin((^/j — t^g) weighted transverse single spin asymmetry, measured 
by HERMES and COMPASS, which singles out the contribution of the 
Sivers function (1), is given by: 

^sin(0.-^.) =\j2jd<t>s d<l>h dPk^ A%/^, {x, k^) sin(<p - <j>s) ■ 

2 J - D^{z,p±)sm{<f>h-(t>s)\/ (6) 



Zh 



da^i^^i z 

dips d(j)h ■ d^k± fq/p{x, k±) J — D^{z,p±) 



where (f is the azimuthal angle of the quark transverse momentum, (ph and 
(j)s are the azimuthal angles of produced hadron and polarization vector cor- 
respondingly. We shall use Eq. (6), in which we insert a parameterization 
for the Sivers functions, to fit the experimental data. 

The k± integrated parton distribution and fragmentation functions 
fq{x) and D'^{z) are taken from the literature, at the appropriate values 
of the experimental data 

We parameterize, for each light quark flavour q = u,d, the Sivers func- 
tion in the following factorized form: 

A^/,/pT(a;, fci) = 2Afq{x) h{ki_) fg/p{x, k^) , (7) 

where 

.-^6^ '^^'~kl+Mi 



Nq{x) = Nqx^^il - xf^ "^"^ Mki.) = ■ (8) 



Nq, Uq, bq and Mq (GeV/c) are free parameters. fq/p{x, k±) is the unpolar- 
ized distribution function. Since h{k±) < 1 and since we allow the constant 

parameter Nq to vary only inside the range [—1, 1] so that \J\fq{x)\ < 1 for 
any x, the positivity bound for the Sivers function is automatically fulfilled: 

|A^/,/,T(x,fcJ| ^ ^ 
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We neglect the contributions of sea quark functions and consider only 
the contributions of A^/„/pi and A^/^j/p? , for a total of 7 free parameters: 

Nu an bu Nd ad bd Mo- (10) 
The results of our fits are shown in Figs. 1 and 2. 

In Fig.l we also show predictions, obtained using the extracted Sivers 
functions (see Table 1), for 7r° and K production; data on these asymmetries 
might be available soon from HERMES collaboration. 



Table 1. Best fit values of the parameters of the Sivers func- 
tions. 



Afu = 


0.32 ±0.11 


Nd = 


-1.00 ±0.12 


Cu = 


0.29 ±0.35 


a-d = 


1.16 ±0.47 


bu = 


0.53 ±3.58 


bd = 


3.77 ± 2.59 


Mii = 


0.32 ±0.25 (GeV/c)^ 


x'/d.o.f. = 


1.06 




Figure 1. HERMES data on Ajjr^'^^ for scattering off a transversely polarized 

proton target and charged pion production. The curves are the results of our fit. The 
shaded area spans a region corresponding to one-sigma deviation at 90% CL. Predictions 
for TT^ (upper-left panel) and kaon (right panels) asymmetries are also shown. 



3. A^^^'^""'^^^ at COMPASS with polarized hydrogen 
target 

By inspection of Eq. (6) it is easy to understand our numerical results for 
the u and d Sivers functions. In fact one can see that for scattering off a 
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Figure 2. COMPASS data on yl^'^'*^'' '''^^ for scattering off a transversely polarized 
deuteron target and the production of positively (ft."^) and negatively {h~) charged 
hadrons. The curves are the results of our fit. The shaded area spans a region cor- 
responding to one-sigma deviation at 90% CL. 



hydrogen target (HERMES), one has 

/^sin(0.-0.)\ ^ 4 A^/„/,, D': + A^/,/,T D"^ , (11) 

\ / hydrogen 

while, for scattering off a deuterium target (COMPASS), 

\ / deuterium 

Opposite u and d Sivers contributions suppress COMPASS asymmetries for 
any hadron h. 

However, the COMPASS collaboration will soon be taking data with a 
transversely polarized hydrogen target. Adopting the same experimental 
cuts which were used for the deuterium target^ the asymmetry is found to 
be around 5% (see Fig. 3). These expected values can be further increased 
by properly selecting the experimental data. For example, selecting events 
with 

0.4 <Zh<l 0.2 < Ft < 1 GeV/c 0.02 <Xb<1 , (13) 

yields the predictions shown in the right panel of Fig. 3. The asymmetry for 
positively charged hadrons becomes larger, and one expects a clear observa- 
tion of a sizeable azimuthal asymmetry also for the COMPASS experiment. 



7, 2008 10:59 Proceedings Trim Size: 9in x 6in 



prokudin-ws-procs9x6 









IT 












< ^, 






< ^, 
















10' "b 
















10' J^B 






h" 






h" 


._ _^ -0.15 






m D """"^ 
< ^, 
















16 11.8 
















16 0.8 














< ^, 
















P^ (GeV/c) 




P-r (GeV/c) 






P^ (GeV/c) 




(GeV/c 



Figure 3. Predictions for A^Ij!'^'' at COMPASS for scattering off a transversely po- 
larized proton target and the production of positively (/i^) and negatively {h~) charged 
hadrons. The plots in the left panel have been obtained by performing the integrations 
over the unobserved variables according to the standard COMPASS kinematical cuts; 
results with suggested new cuts, Eq. (13), are presented in the right panel. 



4. A^'^'^'^ '^^^ at JLab with polarized hydrogen target 

Also JLab experiments are supposed to measure the SIDIS azimuthal asym- 
metry for the production of pions on a transversely polarised hydrogen tar- 
get, at incident beam energies of 6 and 12 GeV. The kinematical region 
of this experiment is very interesting, as it will supply information on the 
behaviour of the Sivers functions in the large- domain, up to — 0.6. 
Imposing the experimental cuts of JLab we obtain the predictions shown in 
Fig. 4. A large and healthy azimuthal asimmetry for 7r+ production should 
be observed. Similar results have been obtained also in an approach based 
on a Monte Carlo event generator 



5. Transverse SSA in Drell-Yan processes 

Let us now consider the transverse single spin asymmetry. 



A 



N 



da^ -f dcrJ- 



(14) 



for Drell-Yan processes, p ^ £'^£^ X, p^ p — > £^ £^ X and p^ p — > 
£+£~X, where da stands for d"^ a / dy dM"^ d"^ q^p and y, M"^ and qj. are 
respectively the rapidity, the squared invariant mass and the transverse 
momentum of the lepton pair in the initial nucleon cm. system. 

In such a case the SSA (14) can only originate from the Sivers function 
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Zh =*a Pt (GeV/c) Xg (GeV/c) 

Figure 4. Predictions for A^^^'^'" "^^^ at JLab for the production of 7r+ and 7r~ from 
scattering off a transversely polarized proton target. 



and is given (selecting the region with <^ A'P , qt — k±) by 

fg/p{xq,k±q) J d^k^qd^k^q5'^{k^q + k^q-qj,)- 



(15) 



where q = u,u, d, d, s, s and Xq = ^ , Xq — -^^ e ^ . Eq. (15) exphcitely 
refers to p processes, with obvious modifications for p^ p and p ones. 

Inserting into Eq. (15) the Sivers functions extracted from our fit to 
SIDIS data and reversed in sign^, we obtain the predictions (shown in Fig. 
5) for RHIC (left panel) and PAX (right panel) experiment planned at 
the proposed asymmetric pp collider at GSI. 
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Figure 5. Predictions for single spin asymmetries in Drcll-Yan, p — > £^ i X, pro- 
cesses at RHIC (left panel) and GSI (right panel), according to Eq. (15) of the text. 
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6. Comments and conclusions 

The Sivers functions A'^fy^^pi {x,k±) and A^fci/p-r{x,k±) have been ex- 
tracted using recent HERMES ^ and COMPASS collaborations data on 

.sin(0fe-</>s) 

A sizeable /i+ asymmetry should be measured by COMPASS collabo- 
ration once they switch, as planned, to a transversely polarized hydrogen 
target. 

Large values of A^'^'^^~'^^^ are expected at JLab, both in the 6 and 12 
GeV operational modes, for 7r+ inclusive production. 

We have then used basic QCD relations and computed the single spin 
asymmetries in Drell-Yan processes. We have used the same Sivers func- 
tions as extracted from SIDIS data, with opposite signs. The predicted An 
could be measured at RHIC in pp collisions and, in the long range, at the 
proposed PAX experiment at GSI^^, in pp interactions. It would provide a 
clear and stringent test of basic QCD properties. 
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